n a prospective study 1 evaluating human patients, increasing urine volume by augmenting water intake proved to be an effective method of minimizing calcium oxalate (CaOx) urolith recurrence. In that study, 1 first-time stone formers instructed to only increase their water consumption had a 12% recurrence rate during 5 years, compared with 27% in participants informed that therapeutic changes were unnecessary. On the basis of these findings in humans and results of a retrospective case-controlled study 2 that indicated that dogs were approximately a sixth as likely to develop CaOx uroliths when consuming diets highest in moisture, we postulated that increased water consumption would also be an effective strategy to minimize urolith recurrence in dogs. Because veterinarians cannot rely on the cooperation of urolith-forming dogs to voluntarily increase their water consumption, dietary supplementation with sodium chloride (NaCl) has been recommended to minimize urolith recurrence by enhancing thirst and promoting diuresis.
with each 450 g of food just prior to feeding. Each feeding trial lasted 6 weeks; however, 24-hour urine samples and blood samples were collected prior to treatment (day 0) and on days 14, 28, and 42. All dogs received both treatments. To minimize carry over effects, dogs were fed a maintenance diet f (0.36% sodium on a dry-matter basis) for 2 weeks prior to each 6-week feeding trial.
Feeding protocol-Dogs were fed a single meal daily in the morning and provided unlimited access to water (municipal source) at all times. The amount of food given to each dog was calculated on the basis of daily caloric requirements determined by body weight (140 kcal/d/kg 0.73 ). 11 Dogs readily consumed all food provided.
Sample collection-Every 14 days, 24-hour urine samples were collected. The first collection corresponded with the end of the washout period (day 0). The subsequent 3 collections corresponded with days 14, 28, and 42 of consuming the urolith-prevention diet. Prior to feeding each dog, the urinary bladder was emptied via transurethral catheterization. Once fed, dogs were placed in metabolism cages with unlimited access to water. Voided urine was collected in receptacles placed beneath the collection port of each metabolism cage. Receptacles were surrounded by ice packs. To minimize catheter-induced bacterial urinary tract infection, ampicillin g was administered orally (25 mg/kg, q 8 h) for 2 days.
Blood samples were collected from the jugular vein of each dog during the midpoint of 24-hour urine collections. Serum was harvested from samples by standard procedures within 30 minutes of collection and stored for approximately 12 hours at 4 o C until analyzed. An aliquot of each serum sample was separately stored at −90 o C for determination of parathyroid hormone concentration. Ionized calcium was determined from venous blood aspirated into syringes containing dry lithium heparin.
h Sample analysis-Urine concentrations of creatinine, sodium, potassium, and chloride were determined with an automated serum chemistry analyzer.
12,c Calcium and phosphorus concentrations were measured by atomic absorption spectrophotometry.
i Urine oxalic acid concentrations were determined by ion chromatography. j Values were entered into a computer program, 13 which calculated urinary relative supersaturation (RSS) with CaOx. Serum concentrations of parathyroid hormone were determined by use of a 2-site immunoradiometric assay.
k Statistical analysis-Differences between treatment groups during maintenance diet consumption (ie, washout period) were assessed by use of a Student t test for paired samples. Repeated-measures ANOVA was performed to assess differences during consumption of the unsupplemented diet and during consumption of the NaCl-supplemented diet across all periods. Repeated-measures ANOVA was also performed to assess the effects of time (at 14, 28, and 42 days) within each treatment. Differences between the 2 treatments at each period were assessed by use of a Student t test for paired samples. Analyses were performed by use of a software program. l Values of P < 0.05 were considered significant.
Results
Urine analytes-During the washout period (consumption of the maintenance diet), no difference was found in the concentration or 24-hour excretion of any urine analyte between dogs during consumption of the unsupplemented diet and during consumption of the NaCl-supplemented diet (Table 1) . However, when the urolith-prevention diet was fed, supplementation with NaCl significantly altered several urinary parameters. Compared with mean 24-hour urine volume during consumption of the unsupplemented diet (0.24% sodium), the same dogs consuming the same diet supplemented with NaCl (1.2% sodium) excreted 70% (P = 0.013) more urine (Table 2) . When dogs consumed the diet supplemented with NaCl, urine volume successively increased over time; however, the change was not significant (Table 3) . In contrast to the volume of urine produced during consumption of the NaCl-supplemented diet, urine volume significantly decreased over time when dogs consumed the diet without additional NaCl. As expected, significantly greater quantities of sodium and chloride were excreted during dietary supplementation with NaCl (Table 2 ). Although additional NaCl consumption significantly increased 24-hour urine calcium excretion (mg/kg/24 h), no significant difference was found in urine calcium concentration (mg/dL) during consumption of the 2 diets. When dogs received the diet supplemented with NaCl, mean urine calcium concentration decreased over time; however, the difference was not significant (Table 4) . When dogs were fed only the unsupplemented diet with 0.24% sodium, urine calcium concentration gradually increased over time. Again, the change was not significant. Urine concentrations of oxalic acid, potassium, and phosphorus were significantly lower when dogs consumed the diet supplemented with NaCl.
Urinary RSS-Consumption of the diet supplemented with NaCl was not associated with formation of urine not saturated with CaOx (ie, RSS < 1). However, dietary supplementation with NaCl resulted in a significant decrease in the value of urinary RSS with CaOx. No difference was found in the value of urinary RSS with CaOx between the treatments at 14 days. However, at 28 and 42 days, significant differences were observed (Table 4) .
Serum values-Serum concentrations of total calcium, ionized calcium, sodium, potassium, chloride, phosphorus, and urea nitrogen were not significantly different when dogs consumed the baseline diet with and without supplementation with NaCl. Although mean parathyroid hormone concentration increased with dietary supplementation with NaCl, the concentration was not significantly different from the mean concentration during consumption of the diet without additional NaCl.
Discussion
Unexpectedly, our results indicated that a urolithprevention diet supplemented with NaCl decreased the propensity for CaOx crystallization in urine of healthy adult dogs. The value of urinary RSS with CaOx from dogs consuming the diet with 1.2% sodium was 30% lower than when dogs consumed the same diet without supplementation with NaCl (0.24% sodium on a dry matter basis). Our results were unexpected because results of previous studies 14, 15 ,m of healthy adult humans and healthy adult dogs indicated that high dietary sodium consumption increased the risk of CaOx urolith formation by promoting hypercalciuria. As in those previous studies, 14, 15 ,m 24-hour urine calcium excretion significantly increased in dogs consuming greater quantities of sodium in our study. However, changes in dietary sodium were not associated with changes in urine calcium concentration. A similar study 16 evaluating healthy Labrador Retrievers and Miniature Schnauzers also found no change in urine calcium concentration when a kibble diet was supplemented with NaCl to a concentration of 1.14% on a dry-matter basis. A plausible unifying explanation for these apparently conflicting results is that although increased sodium intake increased calcium excretion, calcium concentration did not increase because of a concomitant increase in urine volume. Because calcium concentration did not change in our study, decreased CaOx saturation may be better explained as a result of decreased concentrations of urine oxalic acid or other lithogenic minerals during dietary supplementation with NaCl. Decreased CaOx saturation was used as a marker of efficacy for dietary supplementation with NaCl in our study. However, it is important to remember that although the value of urinary RSS with CaOx is higher in urolith-forming dogs, compared with dogs without uroliths, 17 no prospective studies are available to confirm that a high RSS value correlates with increased frequency of CaOx urolith recurrence in dogs.
When dogs consumed the urolith-prevention diet supplemented with NaCl, mean serum concentration of parathyroid hormone was 81% higher than when dogs consumed the diet without additional NaCl. A plausible explanation for this observation is that serum parathyroid hormone concentration increased as a compensatory response to counteract urinary calcium loss during consumption of the sodium-supplemented diet. Parathyroid hormone restores blood concentration of calcium by increasing mobilization of calcium See Tables 1 and 3 for key. from bone, indirectly increasing intestinal absorption of calcium, and promoting renal tubular reabsorption of calcium. Although serum parathyroid hormone concentration was higher during dietary supplementation with NaCl, this difference was not significant (P = 0.71). Although results of our study support the beneficial effects of dietary supplementation with NaCl in decreasing risk factors for CaOx urolith formation, several important questions should be considered before adopting dietary supplementation with NaCl in clinical practice. For example, it is not known whether urine calcium concentrations will remain unchanged in urolith-forming dogs that are given supplements of NaCl orally. Studies 18-20 of humans with CaOx urolithiasis indicate that the hypercalciuric response to sodium may be different between healthy people and patients with CaOx urolithiasis. For example, in a case-controlled study 18 with urinary sodium excretion as an indicator of dietary sodium intake, for every 100-mEq increment in urinary sodium excretion, men with CaOx stones excreted an additional 71 mg of calcium, whereas healthy men excreted only an additional 40 mg. In another study, 19 healthy humans excreted a mean value of 24 mg of additional calcium for every 100-mEq increment of urinary sodium. By comparison, humans with CaOx nephroliths excreted a mean value of 97 mg of additional calcium for every 100-mEq increment of urinary sodium. 20 Findings in these studies [18] [19] [20] emphasize the need to be cautious about extrapolating the effects of dietary sodium on urinary calcium concentrations in healthy subjects to patients with CaOx urolithiasis.
It is also not known whether the results of our short-term study can be used to predict the long-term benefits of increased dietary sodium. Although no significant changes in urine calcium concentration were found between days 14, 28, or 42 of treatment, the mean concentration progressively changed by as much as 28% to 33% between days 14 and 42. Mean calcium concentrations obtained on day 42 approached baseline values. These observations suggest that urine calcium concentration may proceed through a period of change and then adaptation to maintain calcium homeostasis. A similar phenomenon was observed in a study 21 of cats treated with ammonium chloride. Whereas ammonium chloride was associated with significant hypercalciuria at the beginning of the study, 21 urinary calcium excretion returned to baseline values after 4 months of treatment.
In addition to the aforementioned questions related to the efficacy of dietary supplementation with NaCl in decreasing the risk of CaOx urolithiasis, questions related to the long-term safety of dietary supplementation with NaCl should be considered. Although sodium is an essential component of extracellular fluid, supplemental sodium has been linked to hypertension, progressive renal failure, and osteoporosis in humans and laboratory rats. [22] [23] [24] [25] In 1 study, n systolic blood pressure was not significantly different between healthy Beagles consuming a baseline diet containing 0.38% sodium and the baseline diet supplemented with NaCl (0.96% sodium on a dry-matter basis). However, we are not aware of long-term studies evaluating adverse effects of higher concentrations of dietary sodium in dogs with CaOx uroliths. Therefore, until such studies are performed, we suggest that dietary supplementation with NaCl be used cautiously. 
